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- A breakdown in orai tolerance 

celiac disease : IFNy producing CD4 T celi 

inf lammation in the upper 
small intestine 

- The mechanisms of the orai tolerance 

anergy or deletion 

the generation of regulatory T celi of different 
types : Foxp3 + Treg, TH3, Tri 

- Commensal bacterial also do not provoke a systemic primary 
immune response but there is no active tolerance to these 
antigens 

I Stimulate locai IgA antibody production and 

there is active suppression of locai effector 
T celi response 

Commensal flora shape the presence of lymphoid tissue in MALT 
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Commensal flora and the immune response 

The healthy intestine contains large quantities of bacteria but does 
not generate productive immunity against them 

- The protective role of the commensal flora is dramatically 
illustrated by the adverse effeets of broad spectrum antibiotics 

- Triggering of TLRs by commensal bacteria is also important in 
protecting against inf lammation in the intestine 

e.g. TLR-2, TLR-9, Myb88 deficient mice 

=>more susceptible to the induction of experimental 
inf lammatory bowel diseases 

- The protective effect of TLR seems to involve the epithelial cells 
being made more resistant to inflammation-induced damage 



Antibiotics can kill the commensal bacteria (normal flora) and allow 
an opportunistic organism to invade 



Clostridium difficile gains 
foothold and produces 
toxins that cause 
mucosal injury 



Neutrophiis and red 
blood cells leak into 
gut between injured 
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Secretory immunity and physiologic inf lammation 




M celi enterocyte 



Peyer's patch and 

isolated 
lymphoid follicles 
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Lamina propria 



IgA-secreting 
plasma celi 



Commensal bacteria block certain signaling pathways in intestinal 
epithelial cells; thus, preventing production of release of inflammatory 
cytoki nes 



Pathogen recognition by 
signals that activates IKK 


IKK phosphorylates IkB, 
targeting it to be degraded. 

gene transcription 


block gene transcription by 
activating PPAR-y, which 

binding to its target 
promoters, thus causing 
NFkB to be exported from 
the nucleus 


phosphorylated IkB, 

translocation to 
the nucleus 
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Signalling through TLR in epithelial cells leads to strengthening of 
tight junctions 
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' ~— Bacterial PAMP 




Innate receptors for 
bacterial PAMPS 
expressed in 
cytoplasm and 
on basolateral 
membrane, but not 
on lumenal surface 



Dendritic cells in 
lamina propria express 
low levels of TLR 



Commensal 
bacteria inhibit 
dendritic celi 
maturation 

In the presence of 
commensal bacteria, 
the epithelial cells 
(and other cells) 
make cytokines that 
inhibit the 
maturation of 
dendritic cells. 

The immature 
dendritic cells 
activate T reg cells, 
which suppress 
immune responses 



bacteria, production of PGE 2 , TGF-p, 


Invasive microorganisms penetrate 
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regulatory T cells 





Invasive 

microorganisms or 
pathogens 
activate the 
dendritic cells 



Activated 
dendritic cells 
activate T H 1, 
T H 17or T H 2 
responses 




Le cellule Treg, TH3, Tri ed IL-10 spengono le risposte infiammatorie nel MALT 
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1. IL-10 inibisce la produzione di IL- 12 nei macrofagi e DC attivati 

2. IL-10 inibisce espressione di molecole costimolatorie e MHC di classe II 

3. IL-10 inibisce direttamente la produzione di IL-2 da parte delle cellule T 

4. Le stesse DC intestinali possono produrre IL-10 (localmente e nei linfonodi mesenterici) 

L'assenza di IL-10 nei topi causa malattie infiammatorie croniche dell'intestino 



The hygene hypothesis 

early childhood infections inhibit the tendency to develop allgergic disease 



'Devdoping' countries 

Large family size 

Rural homes. Irvestock 

Intestimi nicrofbra-variable. transient 

Low antibiotic use 

High helminth burden 

Poor aonitation, high orofaecd burden 



'Westemized' countries 
Small famity size 
Affluent, urban homes 
Intestinal mfcroflora-stabte 
High 'ii til .. ti 

Lcw or absent helminth burden 
Good sanitation. low orofaecal burden 
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Immune responses to 
helminths can be helpf ul 
or harmful to the host 




induci: epKhelial 
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IL-25, IL-33 and TSLP in the &ALT help differentiation towards TH2 cells 




T H 2 celi effector functions in helminth infections 






T H 2 cells produce 
IL-13, which induces 
epithelial celi repair 


T H 2 cells recruit and 

activate M2 
macrophages via IL-4 
and IL-13 


T H 2 cells drive B 
cells to produce IgE 


IL-5 produced by 

and activates 
eosinophils 


T H 2 cells drive mast 
celi recruitment via 
IL-3, IL-9. Specific IgE 
arms mast cells 
against helminths 
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Increased celi 
turnover and 
movement helps 
shedding of 
parasitized epithelial 
cells. Mucus prevents 
adherence and 
accelerates loss of 
parasite 


Products of M2 
macrophages such 
as arginase increase 
smooth muscle 
contraction and 
enhance tissue 
remodeling and 


IgE arms mast cells 
and can mediate 
ADCC 


Eosinophils produce 

MBP, which kills 
parasites. They can 
also mediate ADCC 

parasite-specifìc Ig 


Mast cells produce 
mediators such as 
disfamine, TNF-ct, 
and MMCP. These 
recruit inflammatory 
cells and remodel 
the mucosa 
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T H 1 celi effector functions in 
helminth infection 


T H 1 cells activate 
MI macrophages 




T H 1 cells activate 
B cells to produce 
lgG2a 
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Products of activated 

MI macrophages 
cause tissue damage 
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Abbas et al: Cellular and Molecular Immunology, 7e. 

Copyright ® 2012, 2007, 2005, 2003, 2000, 1997, J994, 1991 by Saunders, an imprint of Elsevier Inc. 



Lezione 20 
Memoria immunologica e 
Tolleranza 



Immunologica. memory 



Immunological memory is long-lived after infection or 
vaccination 

■ memory reflects a small population of specialized memory 
cells formed during the adaptive immune response that 
can persist in the absence of the antigen that originally 
induced them 

- the memory response had an approximate half-life of 
between 8 and 1 5 years 

- immunological memory need not be maintained by 
repeated exposure to infectious virus 

- Although most of the memory cells are in a resting state, a 
small percentage are dividing at any on time 

^ cytokines produced either constitutively or during 

other antigen-specific immune response 
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Generation of memory T cells after a virus infection 



After smallpox vaccination, 
antibody levels show no signifìcant 
decline, and T-cell memory shows a 
half-life of 8-15 years 




Time after vaccination (years) 



Assessment of memory and effector response in T lymphocytes 



Immunize with antigen A 



After 5-10 days 
from lymph 



Culture cells with antigens A or B 
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In vitro evaluation of the functional status of T lymphocytes: 
the intracellular cytokine production 



Activated T cells are treated 
with an inhibitor which 
blocks protein export 
allowing cytokines to 
accumulate in the ER 



The celi is fixed and 
permeabilized with mild 
detergents 




Cytoki ne-specif c 
antibodies penetrate the 
celi to bind the 
intracellular cytokine 
molecules 



m 



In vitro evaluation of cytotoxic activity of T lymphocytes: 
the 51 Cr release assay 



Label target cells with 
Na 2 s1 Cr0 4 


Add cytotoxic T cells to 
labeled target cells 


Killed cells release 
radioactive chromium 
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Memory CD8+ T cells are prompt killer, no stimulation required 



Challenge after 10 days 



Animai remains healthy 



Active immunization 


1 

Transfer serum 


1 

Transfer spleen cells 
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V V 

Challenge with lethal dose of pathogen 


Animai remains healthy 


v 

Animai remains healthy 


Passive immunization 


Adoptive immunization 



Naive cells do not confer memory 

Effector cells might confer memory 
by originating memory cells after 
adoptive transfer but the process in 
not very efficient (more cells needed 
since many cells will die) 

Memory cells effectively confer 
memory 
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Antigen-specific T lymphocytes can be traced with MHC tetramers 
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Naive T cells & memory T cells 



Molecule 


Naive 


Effector 


Memory 


Comments 


CD44 


+ 


+++ 


1 - 1 


Celi adhesion molecule 


^CD45RO^ 


+ 


+++ 


1- 1 


Modulates T-cell receptor signaling 
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Modulates T-cell receptor signaling 


CD62L 


1 - 1 




Some 
+++ 


Receptor for homing to lymph node 


CCR7 TT J) 

^^Jrlormng to LN 


IH 


+/- 


1 Some 
1 +++ 


Chemokine receptor for homing 
to lymph node 


CD69 




+++ 




Early activation antigen 


"Bcl^2 ^ 

Anti^poptosis 


++ 


+/- 
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Promotes celi survival 


lnterferon-7 
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1- 1 


Effector cytokine; mRNA present 
and protein made on activation 





Expression of IL-7 receptor indicates which 
CD8 effector T cells can generate memory response 



Naive T cells & memory T cells 



Molecule 


Naive 


Effector 


Memory 


Comments 


GrénzymeV) 




i-i 


1 +/ ~ 


Effector molecule in celi killing 


FasL^^) 
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Effector molecule in celi killing 


CD122 


+/- 


++ 


++ 


Pari of receptor for IL-15 and IL-2 


CD25 




++ 




Part of receptor fori L-2 




++ 
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Part of receptor fori L-7 


Ly6C 


+ 






GPI-linked protein 


CXCR4 
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1 ++ 


Receptor for chemokine CXCL12; 
controis tissue migration 


CCR5 


+ 


++ 


1 Some I 
1 +++ 1 


Receptor for chemokines CCL3 and 
CCL4; tissue migration 



Mice infederi" with LCMV generate a primary CD8 
response; some effector cells express high levels of 
IL-7R, while others do not 



Only transfer of the IL-7R hi -CD8 T cells into naive 
mice led to robust expansion of antigen-specifc 
CD8 cells after secondary challenge 
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Naive T celi Effector T cells 

CD45RO+ 
CD25 hi 
CD127 10 
CD44 hi 



Memory T cells 

CD45RO+ 
CD25 10 
CD127 hi 
CD44 hi 




CD4 T cells are required for the development of 
functional CD8 memory T cells 


Wild-type mice or mice ladcing 
CD4 T cells are infected with 
a bacterium (LM) expressing an 
ovalbumin antigen (OVA) 


After 7 days of infection, both 
types of mice bave expanded 
a similar number of 
OVA-specific CD8Tcells 


After 70 days, the mice are 
challenged again.This time 
only wild-type mice can expand 
OVA-specific memory cells 
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CD4 T cells are required for the 
maintenance 
of memory CD8T cells 



LCMV-specific CD8 memory T cells are 
transferred into wild-type mice or mice lacking 
CD4 T cells because of absence of MHC class II 




Memory CD8 T cells are maintained in mice 

with CD4 T cells, but not in mice lacking 
CD4 T cells 




Secondary and subsequent response are mediated by 
Memory lymphocytes and not by naive lymphocytes: 
the originai sin 




Individuai al 2 years infected with 
influenza virus makes antibody 
against ali epitopes present 
on the virus 



Some individuai at 5 years infected 
with a variant influenza makes 

antibody only against the epitopes 
shared with the originai virus 




Same individuai at 20 years infected 
with a new variant influenza virus |[ 

makes antibody only against 
epitopes shared with originai virus, Il 
not against epitopes shared with the 
variant encountered at age 5 years 



Balancing lymphocyte activation and control 

Activation Tolerance 




Normal: reactions No response to self 
against pathogens Controlied response to 
Inflammatory pathogens 
disease, e.g. 
reactions against self 



The importance of immune regulation 



• To avoid excessive lymphocyte activation and 
tissue damage during normal protective 
responses against infections 

• To prevent inappropriate reactions against self 
antigens ("self-tolerance") 

• Failure of control mechanisms is the underlying 
cause of immune-mediated inflammatory diseases 
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General principles of controlling 
immune responses 

• Responses against pathogens decline as 
the infection is eliminateci 

- Apoptosis of lymphocytes that lose their 
survival signals (antigen, etc) 

- Memory cells are the survivors 

• Active control mechanisms may function 
to limit responses to persistent antigens 
(self antigens, possibly tumors and some 
chronic infections) 

- Often grouped under "tolerance" 



Immunological tolerance 

• Definition: 

- specific unresponsiveness to an antigen that is 
induced by exposure of lymphocytes to that 
antigen (tolerogen vs immunogen) 

• Significance: 

- Ali individuals are tolerant of their own antigens 
(self-tolerance); breakdown of self-tolerance 
results in autoimmunity 

- Therapeutic potential: Inducing tolerance may be 
exploited to prevent graft rejection, treat 
autoimmune and allergie diseases, and prevent 
immune responses in gene therapy 



Recipient 
strain A 



Recipient 
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Neonatal tolerance 



Inject wiih 
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Grati with skin from donor 
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Chimeric mice 



Medawar's experiment demonstrating 
neonatal tolerance induction (Nobel Prize) 
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Central and peripheral tolerance 




|Anergy | | Apoptosis t ; — u 

' | (deletìon) | i Suppress.on | 



The principal fate 
of lymphocytes that 
recognize self antigens 
in the generative organs 
is death (deletion), BUT: 

Some B cells may change 
their specificity (called 
"receptor editing") 

Some CD4 T cells may 
differentiate into 
regulatory (suppressive) 
T lymphocytes 

Some antigen are simply 
ignored (ignorance) 



Central tolerance 

we know more about CD4+ T cells but it works 
also for CD8+ T cells 

Lymphocytes that see self antigens before 
they are mature are either eliminated or 
rendered harmless 

Probably continues to occur at some level 
throughout lite (as new lymphocytes are 
produced from bone marrow stem cells) 

Role of the AIRE protein in thymic 
expression of some tissue antigens 



Defects in immune tolerance 



The protein is a transcription factor 
that is believed to turn on many 
tissue specific genes IN THYMIC 
MEDULLARY EPITHELIAL CELLS 
and plays a role in negative 
selection. 

AIRE deficiency: failure to delete 
autoreactive T cells in the thymus. 

APECED is a recessively inherited 
genetic disease characterized by 
the presence of two of the 
following three conditions: 
impaired parathyroid function, 
yeast infection (candidiasis) and 
impaired adrenai gland function 
(Addison's disease) 



APECED patients suffer a variety 


of autoimmune diseases 


and candidiasis 




Frequency in 


Symptom 


Finnish 




patients (%) 


Endocrine glands 


Hypoparathyroidism 


85 


Adrenai failure 


72 


Ovarian failure 


60 


Insulin-dependent 


18 


diabetes mellitus 




Testicular atrophy 


14 


Parietal celi atrophy 


13 


Hypothyroidism 


6 


Other tissues 


Candidiasis 


100 


Dentai enamel hypoplasia 


77 


Nail dystrophy 


52 


Tympanic membrane 


33 


calcification 




Alopecia 


27 


Keratopathy 


22 


Vitiligo 


13 


Hepatitis 


13 


Inteslinal malabsorption 
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autoimmune polyendocrinopathy-candidiasis-ectodermal dystrophy 
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Consequences of self antigen recognition in thymus 

Thymus Periphery 



Negative 
selection: 
deletion 



Development 
of regulatory 
T cells 



Immature 
T cells specific 
for self antigen 



Regulatory 
Tcell 



not necessary 



Peripheral tolerance 



Normal T celi 
response 



Anergy 



Suppression 




Effector and | 
memory T cells I 



Functional 
unresponsiveness I 



Block in 
activation 



Regulatory 
Tcell 
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Apoptosis 
(activation-induced 
celi death) 
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